Abstract-Only transplanted Aman (T. Aman) rice is one of the major cropping sequences in the medium saline, irrigation water lacking area of the coastal Bangladesh which requires suitable succeeding crop with early planting in moist soil and to escape damage from the effect of storm surges and water logging due to rainfall in May. A field trial was conducted in 2012 to compare the early dibbled sunflowers in zero tilled soil with traditional tilled one after T. Aman rice. Sunflower was planted on four dates, 14 January (zero tillage in moist soil), 22 and 29 February and 5 March (tilled field at field capacity). Results indicated that dibbling on 14 January produced significantly taller plant, larger head and higher seed yield (3.06 t ha -1 ) than those of other planting dates (2.54 to 2.68 t ha -1 ). The farmers' led validation of zero tilled dibbled sunflowers in the following year confirmed its earlier planting and higher productivity.
I. INTRODUCTION
Out of 2.85 million hectares of the coastal and offshore areas of Bangladesh about 0.83 million hectares are arable lands. This arable land is more than 30% of the total cultivable lands. Agricultural land use in the coastal districts is very poor. The average cropping intensity of the country was 179% in 2007-08, whereas it was 128-147% in southern districts [1] . The major part of this land is affected by different gradient of salinity. The low land use in saline area is mainly due to unfavorable soil salinity in dry season and unavailability of quality irrigation water [2] . Salinity causes unfavorable environment and hydrological situation that restrict normal crop production throughout the year. Salinity in the country received very little attention in the past. The increased pressure of growing population demand more food that brings attention to explore the possibilities of increasing the potential of the saline lands for increased production of crops.
The flood and tidal water recedes from October to late December in the coastal area. Depending on topographical position and drainage facilities, water recede from about 24% area within October, from about 53% area in November and mid-December and from about 23% area in late December [3] . Most of the coastal areas are dominated by medium highlands, where flooding depth ranges from 0.3-0.9 meter. This category of land is suitable for minimum two crops and sometimes three crops. But only medium to long duration transplanted Aman (T. Aman) rice (wet season rice) is the predominant cropping sequence in the region. The slow drying process after harvest of T. Aman rice delayed to reach the soil in field condition or suitable for ploughing the land for dry season winter (rabi) and pre-mosoon crops. Generally the situation leads to seeding of rabi crops during the first fortnight of February which is often affected by soil salinity. The cultivation of dry season crop in this worse situation requires suitable crops and agronomic options suitable for early planting in the excess moist soil, more than field capacity which is unable to plough to increase the productivity and cropping intensity. The cultivation of sunflower may be suitable in this environment because of its high yield as well as its extensive adaptability and acclimation, high photosynthesis potential and high harvest index [4] . Sunflower dibbled in the moist soil under zero tillage may be suited in coastal saline environment.
Sunflower (Helianthus annuus L.) is the world's fourth largest oil-seed crop [5] . It is grown as a source of vegetable oil and protein. It can be focused as the suitable crop as edible oil source in Bangladesh. It is short duration, relatively drought tolerant and has shown potential to reduce the existing gap between production and consumption of edible oil because it contains 40-50 percent oil, and rich in protein 23 percent [6] . The present domestic edible oilseed production is 373 thousand tons which meets only one third of national demand [7] . The present per capita oil consumption is only 10 g day -1 as compared to the total need of 22 g day -1 [8] . Sunflower is categorized as a low to medium drought sensitive crop [9] - [11] . It is widely adaptable and more drought tolerant than most other grain crops. It is a very efficient user of soil moisture as a result of its deep and branched tap root system penetrating to deeper zone, aids the plant during water stress. Even in the sub-soil and on heavy clay soils it utilizes moisture reserves far more effectively. According to a classification based on water stress day index, sunflower was determined as a moderately sensitive crop to salinity [12] .
Sunflower can successfully be grown over a wide range of geographic area and is considered a crop adapted to a wide range of environment. However, yield is reduced when normal sowing is delayed in temperate and subtropical environments. The lower yields associated with late plantings have been hypothesized as due to warmer temperatures during the early growth period, which promotes excessive early stem growth and reduces time to flowering, while in cooler temperatures, reduced incident radiation post anthesis affects dynamics of grain filling [13] . Numerous studies have shown that yield and yield components of sunflower are reduced when normal sowing dates are delayed [14] . In view of the importance of planting date, the present investigation was designed to study the effects of planting dates on yield and yield components of sunflower and to compare the zero tilled earlier dibbled sunflowers in moist soil with the traditional dibbled done under tilled condition at field capacity for increased productivity in coastal saline environment of Bangladesh.
II. MATERIALS AND METHODS

A. Experimental Site and Seasons
The field trial was conducted with four dates of sowing following unploughed and ploughed dibbling during dry season in 2012 at Katianangla village in Batiaghata Upazila of Khulna District (22°40′N and 89°31′E) in Bangladesh. Early sown zero tilled dibbled method was identified as a better option from the trial. Farmers' led validation was conducted in trial and adjacent villages in 2013. The area belongs to the agro-ecological zone of the Ganges Tidal Floodplain. The climate of the area is subtropical. The soils of the experimental fields at 0-15-cm depth were clay loam in texture, with a pH of 8.10, organic C of 6.44 g kg -1 , total N of 1.0 g kg -1 , available P of 4.55 mg kg -1 , exchangeable K of 0.40 meq 100 g -1 , available S of 75.78 14 mg kg -1 , and Zn of 1.27 mg kg -1 .
B. Experimental Design and Treatments
The field experiment was arranged in a randomized complete bock design with four replications in 2012. The experimental field had a similar crop management history and uniform soil type. The planting dates were randomly assigned to the replications. The dibbling dates were (a) zero tilled dibbled in moist soil on 14 January, (b) dibbled in tilled soil at field capacity on 22 February, (c) dibbled in tilled soil at field capacity on 29 February, (d) dibbled in tilled soil at field capacity on 05 March. The first date was selected observing the moisture of the soil where dibbling was comfortable by hand and easy to germinate the soil. The other dates were selected based on the soil moisture suitable for tilling (field capacity) which varied due to the elevation of the experimental fields. In 2013, participatory farmers were trained on zero tilled dibbled sunflower cultivation who adopted the package of technology after harvest of T. Aman rice.
C. Crop Establishment
Sunflower was grown in the dry season of 2012 (January to May). After harvesting of T. Aman rice, seeds of sunflower were dibbled by hand in zero tilled condition where the soil moisture was 42 to 45 % which was unable to plough for the first date of sowing. The rest of plantings were done in tilled soil at field capacity having 29 to 35% moisture. The experimental plots were prepared with three passes by a power tiller followed by two ladderings prior to dibbling in case of all dates of sowing except the first one. The hybrid cultivar, Hysun33 was used as a test crop. Two seeds per hill were dibbled manually maintaining 75 cm row and 45 cm plant spacing. Plants were thinned to one plant per hill at 15 days after planting. The crops were harvested in 3 rd week of April in case of first planting and third to fourth week of May for other dates of planting. In fertilizer management practices, the fertilizer rates (kg ha -1 ) were 115 N, 40 P, 70 K, 29 S, 5 Zn and 1.4 B. The total amounts of P as triple superphosphate, K as KCl, S as gypsum, Zn as zinc sulfate and B as Boric Acid and a half of N as urea were applied basally at final land preparation under all the planting except the first planting. In case of first planting under zero tillage, those fertilizers were applied opening a furrow near the seed at 15 days after seeding (DAS). The remaining of the nitrogen was applied at 25 days after dibbling and before flowering in equal splits. The plots under first date of seeding were irrigated once whereas others were not irrigated due to occurrence of rainfall at the stage for fertilizing the crops. The dates of dibbling under farmers' led validation during second year were monitored and was grouped as weekly basis and presented.
D. Measurement
Surface soil (0-15 cm) samples collected from the trial plots were air-dried and sieved with 2 mm sieve and analyzed for the initial soil properties and electrical conductivity in different dates. Ten randomly tagged plants from each plot were evaluated for plant height, head diameter, seed per head, sterility percent, 1000 -seed weight. Head diameter was measured with the help of vernier caliper. The heads were threshed manually and number of seeds per head was counted. Three lots of 1000 seeds were weighed for thousand seed weight with the help of electronic weight balance and average was calculated. Seed yield and biological yield were obtained from an area of 6.75 m 2 of the central part of each plot. The seed yield was measured and adjusted at 9% moisture and expressed as t ha -1 . The collected sample from each plot was dried to constant weight and biological yield was determined. The harvest index was computed by dividing the seed yield by the biological yield and was expressed as percentage.
E. Analyses
The statistical analysis of the data was done using Crop Stat Version 7.2. Unless indicated otherwise, differences were considered significant only at P ≤ 0.05. Economic analysis was performed to determine the efficiency of different planting dates. The amount of different input required per hectare was calculated and the cost of input for different planting dates was estimated based on their local market price. Labor wage for different operations of crop cultivation was captured and included in the total variable cost (TVC). The farm gate price of sunflower seed and stalk was used for calculating gross return (GR). In case of farmers' validation, the economic return was calculated based on seed yield only. The gross margin (GM) per hectare for each treatment option was calculated by deducting the
from sowing to flowering. On average, late-sown sunflower (5 March) reached maturity 12 days earlier than the early-sown sunflower (14 January). This result indicated that the number of days to maturity varied with temperature conditions during the growing season and planting date [22] . From the results it is found that zero tilled early dibbled sunflower on 14 January sowing matured more than one month earlier (Table II) had the opportunity to escape the damage the crop from the strong wind, tidal storm and water logging due to heavy rain which is very common in coastal area in the month of May.
The seed yield, biological yield and harvest indices were measured at maturity. The parameters as affected by sowing dates have been presented in Table III and Table IV .
C. Seed Yield
Seed yield was affected by date of sowing. The highest seed yield was produced from 14 January planting (3.06 t ha -1 ) significantly followed by 22 February planting (2.68 t ha -1 ) and 29 February planting (2.59 t ha -1 ). The lowest seed yield (2.54 t ha -1 ) was recorded in 5 March planting which was at par with 29 February planting. The higher seed yield might be attributed to the larger head and more number of seeds per head. The longer growth duration had the opportunity to contribute to those parameters in early planting both in trial and extrapolation area. The findings are the confirmatory with those of other findings [23] - [25] . In extrapolation area, the seed yield was further increased in January first week (3.65 t ha -1 ) and fourth week of December planting (3.31 t ha -1 ). The difference between the sowing duration was significant and both were significantly higher than January second and 3 rd week planting. By planting sunflower earlier, plants are able to get the full benefit of soil moisture and nutrients during the extended growing season, allowing more total seeds head -1 to form and the achenes to mature because of sufficient time to fill. total variable cost from the gross return. The benefit cost ratio (BCR) was calculated dividing the gross return by TVC.
III. RESULTS AND DISCUSSIONS
A. Growth and Yield Components
Differences in growth and yield components of sunflower among sowing dates were significant except the sterility percent and 1000 seed weight (Table I) . Dibbled on 14 January produced the tallest plant (1.59 m) which was significantly higher than plants of all other planting dates. The later planting dates produced the plants of similar height which were reduced by 8 to 10% compared to first planting. The head diameter showed a decreasing trend with delayed sowing. The first planting (14 January) had the largest head diameter (16.14 cm) while the crop planted on last sowing (March 05) produced the heads of smallest size (12.75 cm). The sowing of sunflower on 22 and 29 January produced the head of similar size which were significantly larger than the last sowing. The reasons of smaller head might be related to the overall plant structure. Number of seeds per head decreased when sowing was delayed up to 5 March (888). The sunflower dibbled on 14 January, 22 and 29 February produced 1108, 1072 and 1063 seeds per head, respectively, which were at par among each other but significantly higher than 5 March planting. The lesser number of seeds found in delayed sowing might be related to the head size. Earlier sowings produced larger heads those ultimately encouraged the higher number of seed setting. Failures in seed set with delayed sowing because of either of fertilization or embryo abortion in the central portion of the floral disc [15] . The sterility percent and 1000 seed weight were not affected by dates of planting. The sterility ranged 13.28 to 13.63% while 1000-seed weight ranged 64.50 to 65.37 g, respectively. Changes in environmental conditions during the seed filling period potentially effects sunflower yield components [16] . Many researchers reported that seed yield in sunflower largely dependent on thousand seed weight, head diameter and seed yield plant -1 [17] - [21] . 
B. Growth Duration
The number of days to maturity was reduced as the planting date was delayed (Table II) . Planting on 14 January resulted in 98 days to maturity while the number of days to maturity in the 5 March planting was 89 days. An increased
D. Biological Yield
Biological yield represents the total amount of above ground biomass accumulation. The dates of sowing significantly affected the biological yield. The first sowing date produced the highest biological yield (7.90 t ha -1 ) followed by second planting but significantly higher than later two plantings. The biological yield of second planting (7.23 t ha -1 ) was at par with both first and third planting. The lowest biological yield was recorded at the last planting (5.76 t ha -1 ). These differences are attributed to the effect of growth period. The results confirmed other findings [26] . 
E. Harvest Index
The physiological efficiency and ability of a crop plant for converting the total dry matter in to economic yield is known as harvest index (HI). Sowing dates showed significant differences for HI. The crops planting on 14 January and 5 March had the higher HI which was at par with 29 February planting but significantly higher than 22 February planting. The HI recorded at 22 February planting was at par with 29 February planting but lower than first and last planting. The higher HI in earlier planting was influenced by accumulated intercepted radiation and grain filling duration.
F. Salinity Effect
The first planting date experienced lesser soil salinity during whole growth period compared to all other dates of planting (Table V) . Up to 45 days after seeding (DAS) the soil salinity were less than 6 in case of first planting whereas it was more than 7.5 in other planting. Sunflower posses some genetic potential to grow in low to moderately salt affected areas with a thresh hold level of ECe 2.0 [27] . Seed yield has been found to start decreasing beyond ECe 2.5 dS m -1 and reach to 30% losses at ECe 11.3 dS m -1 [28] . Yield losses by 49.21% were observed at EC 10 dS m -1 [29] . However, varietal differences and environmental conditions might make plants more or less salt tolerant than the indicated value. 
G. Economic Return
The total variable cost was recorded lower in first planting of 14 January ($ 815 ha -1 ) compared to other planting (932 ha -1 ). The lesser TVC in earlier planting was due to planting in zero tilled fields which saved the cost of ploughing. The highest gross return of $ 1889 ha -1 was recorded in first planting which was about 14 to 21% higher compared to other planting dates (Table VI) . The higher GR in first planting was due to higher yield. The reduced TVC and higher GR from first planting resulted higher GR of $ 1074 ha -1 which was 49 to 70% higher than those of other planting dates. Similar trend of higher GM was also recorded in earlier planting in 4 th week of December ($ 939 ha -1 ) followed by January 1 st week planting ($ 722 ha -1 ) in case of farmers' validation in the following year (Table VII) . The gross margin was much lower in January second and third week planting. The higher benefit cost ratio (BCR) in 14 January planting (2.32) of sunflower proved its superiority over the other planting dates. The BCR calculated in other dates of sowing ranged 1.68 to 1.77. The further earlier planting in 2013, the highest BCR was recorded in December 4 th week planting (2.04) followed by January 1 st week planting (1.76). The BCR of later two weeks planting were more or less similar but lower than December 4 th week and January 1 st week sowing. The higher TVC in the extrapolation area due to application of two irrigation and increased labor wage resulted lower gross margin and BCR compared to the first year. 
IV. CONCLUSIONS
On the basis of the yield and economic performance, the earlier dibbling of sunflower in zero tilled fields after harvest of T. Aman rice could be disseminated in the coastal region. However, a further study with efficient nutrient and water management are needed to enhance the productivity of sunflower in the coastal area. Moreover, there is a need to validate the technology considering the rice-sunflower cropping system through a farmers' participatory approach. ACKNOWLEDGMENTS M. H. Rashid, S. Nasrin and D. Mahalder the authors thank Mr. Tim Russell, the Chief of Party, CSISA-BD project for guiding in preparing the manuscript. Authors extended further appreciation to the community at the studied sites for their contributions to conduct the study.
